Increasingly telecommunication systems have become an integral part of many professions. However, little empirical data and guidelines exist for designing telecommunication systems to facilitate decision makers in cooperative efforts in dynamic task environments. A preliminary experiment was conducted in which the subjects (all experienced in the domain concerned) were presented with video-tapes of previously recorded real-life trauma patient resuscitation. The experiment examined the subjects' ability to understand the status of the patient and resuscitation efforts shown in the video. The experiment was to simulate remote diagnosis tasks in which experts provide consultation through video linkage. The subjects were found to have a number of difficulties in achieving a full understanding. Hypotheses about the reasons that could explain these difficulties are proposed and they include (1) background noise, viewing range restriction, and insecure viewing access to remote sites (2) visual information overload due to the multiple action threads at remote sites (3) lack of adequate dynamic mental models of remote events and activities (4) lack of context information.
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Telecommunication advances enable remotely located individuals to collaborate on problem-solving with expertise unavailable locally. Increasingly telecommunication systems have become an integral part of many professions. Interesting and challenging research issues arise in the use of telecommunication systems in decision making and problem solving, many of which have been discussed in the context of distributed decision making and computer supported cooperative work (Kiesler et al., 1984; National Research Council, 1990; Rasmussen et al., 1991; U.S. Congress, Office of Technology Assessment, 1995) .
For a decision maker to effectively participate in a decision making process, a prerequisite is to be able to assess the situation and problems at hand. In a distributed decision making context, this requirement means that the decision maker has to rely on telecommunication links (e.g. computer, telephone, and video networks) to achieve situation assessment and to understand problems to be tackled. This requirement may be fulfilled relatively easily when events evolve slowly, but it can be difficult to satisfy when situations change rapidly (similar argument is put forward by Allely, 1995) .
Little empirical data have been reported on how people can assess dynamically changing situations and problems through telecommunication links. Therefore little empirical basis exists to guide the design of telecommunication systems in support of distributed decision-making in this regard.
As a first step to address these issues, a project was initiated to examine the ability of trauma experts to remotely manage trauma patients through telecommunication links, and identify how telecommunication systems should be designed to facilitate such tasks. Noted features of the domain of trauma patient resuscitation are that the patient condition changes rapidly and is often uncertain, and that the resuscitation effort is carried out by a multi-disciplinary team. Apart from being used as a research vehicle, trauma patient resuscitation could benefit from telecommunication because in many situations injured patients are spatially remote from expert care providers. In this paper, we will report the methodology used in and the results from a preliminary experiment.
METHOD AND MATERIALS
The basic methodology adopted in the experiment was to present to subjects videos of real-life trauma patient resuscitation and then measure the subject's ability to assess the status of the patient and the progress of the resuscitation effort. The video presentation was to simulate remote diagnosis through telecommunication which provides experts with live video images. During the course of the presentation of the stimulus materials, stop points were inserted, at which the subjects filled in questionnaires specially designed to capture their understanding of patient status and resuscitation activities contained in the stimulus materials. The questionnaire contained open questions and were generic (i.e. same across all stop points and not case-specific; see Table 1 for a list of questions in the questionnaire).
From a video-library (over 100 cases) of real-life trauma patient resuscitation in a Level-I shock trauma center, case segments were selected as stimulus materials. To prepare stimulus materials, these case segments were extensively analyzed based not only on the video-audio recordings, but also on patient admission records, discharge summaries, and the transcripts from the interviews with the case participants while they reviewed the videotaped cases. The case analysis yielded the causes and rationale for patient status changes and resuscitation efforts. The stimulus materials used in the experiment contained (1) audio-video recordings captured in real life (see Figure 1 for a screen dump from the video recordings), (2) continuous measurement of patient vital signs during the course of resuscitation, and (3) descriptions of the patient history upon admission to the shock trauma center. Patient history was given to the subjects at the beginning of each experimental session.
Stop points were chosen in each case segments based on the stages in the resuscitation effort. For each stop point, 1-3 items of descriptions were generated based on the analysis results to represent the ideal understanding of the status of the patient and of the resuscitation activities, and these items were used to score the questionnaires filled by the subjects. Thus even though questionnaires were generic, the scoring items were dependent on the specific stop point (see Table 2 ).
Four case segments (5-8 minutes each) were used in the experiment, with 3-4 stop points in each case segment. Table 2 (left four columns) describes the scoring items for all the stop points. These case segments were selected to represent a wide range of trauma patient resuscitation scenarios, and they were relatively complex.
Experimental subjects were recruited from clinicians who were well experienced in resuscitating trauma patients. While answering questionnaires, the subjects were encouraged to think aloud and audio-recordings were made for later interpretation of experimental results. The subjects were given one practice run to familiarize themselves with viewing videotaped resuscitation and with answering questionnaires at stop points. One case segment was shown in each experimental session. At the end of the session, the subject was debriefed on the case and on the final outcome of the patient. The presenting order of case segments was randomized across subjects. 1 I would describe the current patient status as (list up to 5 most important descriptors, in the order of decreasing importance)
The following is unclear to me (list up to 3 most important, specific areas, in the order of decreasing importance) 2 I would describe the current team activities as (list up to 3 most important descriptors, in the order of decreasing importance)
The following is unclear to me (list up to 3 most important, specific areas, in the order of decreasing importance) 3 I would describe the decisions just made by the team as (list up to 3 most important decisions, in the order of decreasing importance)
The following is unclear to me (list up to 3 most important, specific areas, in the order of decreasing importance) 4 The team at the moment should consider the following differential diagnoses (list up to 5 most important differential diagnoses, in the order of decreasing importance)
The following is unclear to me (list up to 3 most important, specific areas, in the order of decreasing importance) 5 I am anticipating the following immediate patient problems (list up to 3 most important, specific problems, in the order of decreasing importance) 6 List, in priority order, three most important objectives of the team and the instructions you would give to achieve the objectives. 7 List, in priority order, three decisions that the team could be making next. 8 List, in priority order, three most important pieces of information you would like to obtain, and the reasons why you need them. 9 Please rate your responses to the following statements on the five-point scale:
1. I am comfortable to giving instructions to the team 2. Given the opportunity, I would obtain more information 3. I know the tasks being carried out by the team Table 1 . Questions in the questionnaire used in the experiment to measure the subjects' understanding of remote events and activities.
RESULTS AND OBSERVATIONS
Three subjects went through a total of 12 experiment sessions (4 case segments each subject). Two subjects had one year and one subject 10 years of experience in the same shock trauma center where the stimulus materials were videotaped. All were anesthesiologists. The subjects spent between 10 to 20 minutes at each stop point to fill in questionnaires. The filled questionnaires were scored against the left four columns in Table 2 and the results are in the right three columns of Table 2 . Table 2 . Items used for scoring questionnaires at stop points (SP 1-4) for the four case segments (case 1-4). The results from three subjects (S1-3) are in the three right columns. + and -indicated whether the subject scored the item or not, respectively. a: MAST=military anti-shock trousers, b: ACP=anesthesia care providers, c: IV=intravenous, d: IM=intramuscular, e: ETT=endo-tracheal tube, f: BP=blood pressure.
We will first concentrate on those items in Table 2 that none of the subjects scored.
Case 1, SP1 and SP2. The "MAST-off" (MAST: military anti-shock trousers) event represents a major disturbance to the patient physiology and the care providers have to coordinate the timing of the event to prepare and to compensate for the disturbance. In this case, the event occurred outside the field of view of the video camera, but there were cues in the team activities indicating that the event was impending and occurred. None of the subjects anticipated the event and none of the subjects detected the event, either.
Case 1, SP3. Establishing intravenous (IV) access was by tradition the responsibility of the surgeons. The slow progress by the surgeons was identified by one of the subjects, and none of the subjects detected that the anesthesia care providers (ACP) expanded their roles to compensate for the lack of efficient progress by the surgeons.
Case 2, SP2 and SP3. Intubation is a process to protect the patient's breathing airway from obstruction and prevent regurgitation of stomach contents into the lungs. In this case segment, the patient needed to be paralyzed for intubation, and the obstacle was that the team had not established IV access at the moment and therefore could not delivery paralyzing drugs via an IV port. All subjects at SP1 detected the obstacle to intubation. However, none of them detected the two parallel, circumventing plans being carried out (i.e. nasal intubation and intramuscular drug injection into the tongue), and none of them identified the danger of intubating an unparalyzed patient (e.g. the patient may vomit and aspirate into the lungs).
Case 2, SP4. A patient is usually paralyzed within 60-90 seconds after the injection of paralyzing drugs. At SP4, 90 seconds after the injection of paralyzing drugs, the team was still testing whether or not the patient was paralyzed. None of the subject detected such a delay nor proposed explanations for it.
Case 4, SP3. Two of the subjects detected the very low and still decreasing blood pressure (BP) reading, but they chose not to intervene. In comparison, the anesthesiologist in the actual case intervened immediately after the stop point.
Among the items that one or more subjects scored, we will describe those in Case 3, partly because the case segment contained an error that could lead to fatal outcome. (This case was reported in Xiao, Mackenzie, & LOTAS, 1995 as an illustrative case to describe the findings on fixation errors.) All the subjects identified cues indicating that the endo-tracheal tube (ETT) was misplaced (at SP1). The actual case progressed from this point without correcting this error until after the last stop point (SP3). One of the subjects (S1) also identified cues indicating that the ETT may be placed correctly. At SP3, this subject, unlike the other two, did not propose to correct the error and to remove the ETT. It appears that the subject who noticed the false confirmatory cues made a similar type of error in judgment as in the real case (see the analysis in Xiao et al., 1995) .
The think-aloud data revealed that the subjects used correlating information to compensate for lack of complete patient data. For example, when tachycardia (high heart rhythm) was observed (from the heart rate data, one of the most readily available patient monitoring data), the subjects inferred that the patient must be hypovolemic (low blood volume) given the type of injury of the patient. The subjects were also found to utilize secondary cues reflected in facial expressions of the resuscitation team. In Case 3 at SP1, one of the cues that the subjects mentioned was the hesitating and not-so-confident look in the face of the person who performed the intubation.
In debriefing, one of the subjects commented that the reason she missed several obvious cues was that she was concentrating on one line of activities on the video screen and did not notice other concurrent activities.
DISCUSSION
The results reported here were from a small sample. Nonetheless, these results lead to several interesting observations that can be used as hypotheses in guiding future efforts.
Among the possible reasons why the subjects did not score all the items, many important cues seemed to be missed by the subjects. Possible explanations for this are proposed here. Firstly, the verbalization and verbal communications in the stimulus materials were degraded by the background noise of a typical patient resuscitation setting. Secondly, the viewing range for the subject was restricted. Thirdly, the visual access was not secure because the people in the video often moved into the line of sight and obstructed the crucial viewing focus. Fourthly, typical video displays used in the experiment contained the activities of 3-5 people working on different aspects of resuscitation (e.g. cannulation, ventilating the patient, preparing syringes, etc.). The multiple action threads in the video screen may have overwhelmed the subjects and caused visual information overload.
It should be emphasized that all these factors are likely to be present in the circumstances under which distributed decision makers have to work and they are not simply a matter of implementation technology.
Another reason why the subjects did not score some of the items may be because of the out-of-control-loop phenomenon (e.g. Endsley & Kiris, 1995) . In Case 2 at SP4, none of the subjects detected the delay in achieving muscle relaxation, whereas in the actual case, immediately after SP4, the team discussed the possible reasons why the patient was not paralyzed. It seems that the subjects did not have the anticipation of patient status changes due to an action (i.e. injection of paralyzing drugs) that they did not perform, and consequently did not detect the delay. In generalized terms, this hypothesis can be reworded as that the subjects did not have an adequate dynamic mental model of the patient status to guide their information searching process.
A third reason could be that the subjects did not have complete context information as the on-site care givers. In Case 4, SP3, the cue of the very low, decreasing BP did not trigger the intervention as it did in the real case. One subject offered the explanation that she did not intervene because she would like to know what other team members were doing (e.g. whether the surgeons were ready to start operation, which would stimulate the patient and could cause a rise in BP). This piece of context information was not readily available in the stimulus materials. The lack of complete context information may also explain the inability of the subject in anticipating potential significant events in Case 1, SP1-2 and Case 2, SP2-3.
Several limitations in the current experiment should be pointed out here. First and foremost, the subjects did not have the opportunity to interact with the remote team and there were no two-way communications between the subjects and the remote team. In contrast with real remote diagnosis tasks, the subjects could not intervene the resuscitation activities, and the remote team could not volunteer information. Second, the subjects had worked in the work environment where the stimulus materials were recorded and thus they knew the work environment very well. In real remote diagnosis tasks the ability to understand remote events and activities is likely to be less than what was observed here. Third, the stop points used in the experiment introduced pauses in the subjects' mental efforts. Currently the questionnaire took 10-20 minutes to fill. The effect of such long delays was difficult to measure and assess.
In summary, the results from the preliminary experiment put forward the following possible reasons to explain the difficulties for a decision maker to assess the situation and tasks at remote sites:
Background noise, viewing range restriction, and insecure access to remote sites Visual information overload due to the multiple action threads at remote sites Lack of adequate dynamic mental models of remote events and activities Lack of context information about remote sites
The findings from the current experiment have implications for the design of telecommunication systems in support of distributed decision making and for future empirical studies on remote diagnosis in dynamic task environments. Although the information carried in video is rich, our findings indicate that there are still needs to provide non-video supporting information to help users in comprehending video images and in compensating for the lack of complete data about remote events and activities. Video information alone will have serious limitations on an expert's ability to make situation assessment. In addition, when multiple, concurrent threads of activities are involved, a remote expert could be overloaded and miss important cues. A team of remote experts may be needed in such circumstances.
Future efforts are needed to obtain empirical data to fine-tune the hypotheses generated in this study. Apart from continuing the experimental effort to include more subjects with various experience backgrounds, recording the visual scanning pattern of the subjects through the use of, for example, a gaze analyzer, may provide more definite answers to issues such as visual information overload and information seeking strategies.
